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Two hundred patients (mean age 56 years, range 36 to 74)
with amiable angina (chest pain at rest, associated with
ST-T changes) underwent coronary angioplasty . In 65
patients with multivessel disease, only the "culprit" lesion
was dilated. The initial success rate was 89 .5% (179 of 200
patients). At least one major procedure-related complica-
tion occurred in 21 patients (10 .5%): (death in 1, myocar-
dial infarction in 16 and urgent surgery in 18) .
AO patients were followed up far 2 years . Five patients
died late ; 8 had a late nonfatal myocardial infardim and 52
had recurrence of angina pectoris . The restenosls rate was
32% (S1 of 158) in the patients with initial successful
angioplasty who had repeat angiography. At the 2 year
follow-up, after attempted coronary angioplasty in all 200
patients, the total incidence rate of death was 3% (me
procedure related ; live late deaths), of nonfatal myocardial
infarction 12% (16 procedure related and 8 late after
angioplasty), and 13% (26 patients) were still symptomatic
although they had improved in fwncunnal class .
The general term "unstable angina" is used to encompass
patients who present with a wide variety of symptoms,
electrocardiographic (ECG) changes, coronary anatomy and
left ventricular function (1-3) . This explains the wide diver-
gence in prognosis reported by several studies (2,3) . A
subgroup of patients with unstable angina who have chest
pain at rest associated with ECG changes have a poor short-
and long-term prognosis (47) . These patients must be con-
sidered as a different subgroup from patients with new onset
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Malivartate analysts showed that variables Indicating
an Increased risk 1) for major praredure-related complica-
tions ware: ST segment elevation, persistent negative T
wave and stenosis >65^0 (odds ratio 3.7, 3 .7 and 3.3,
respectively); 2) for anglographic reslenesis were : presence
of collateral vessels, ST segment depressloo, multivesxl
disease, left anterior descending coronary artery stmasts
and history or recent onset of symptoms (odds ratio : 2,2,
2.0, 1 .9, 1.9 and 0.54, respectively) ; and 3) for late core
.
nary events (recurrence of angina, tale myocardial Infrc.
lion or late death) were: multivesset disease, total minded
vessel and ST segment elevation (odds ratio 3 .7, 2.8 and
0.44, respectively) .
Thus, coronary angioplasty for unstable andillso can be
performed with a high Initial success rate, but at an
Increased risk of major complicatians . The prognosis Is
favorable after initial successfd coronary angioplasty .
(J Am Cot! Card lot 1988 ;12
:324-33)
or progressive angina, who have a prognosis that is only
slightly worse than that of patients with chronic stable
angina pectoris (8-10) . Management of unstable angina has
evolved progressively and, recently, coronary angioplasty
has been shown to be a relatively safe and effective treat-
ment for unstable angina (11-20) .
In this study, we describe the immediate and 2 year
follow-up results of coronary angioplasty in 200 consecutive
patients with chest pain at rest associated with ECG
changes . Furthermore, clinical, electrocardiographic, angio-
graphic and angioplasty-related variables were analyzed to
identify predictors for I) major complications during at-
tempted coronary angioplasty, or 2) restenosis, recurrence
of angina, late myocardial infarction or late death after initial
successful coronary angioplasty .
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Methods
Shady patients . During the period from January 1983 to
January 1985, a total of 2,887 patients were admitted to our
coronary care unit. Of these, 442 patients were considered to
have unstable angina pectoris, defined as chest pain at rest
lasting for at least 15 min associated with documented
electrocardiographic (ECG) ST-T segment changes and no
subsequent signs of cardiac necrosis (cardiac enzyme in-
crease less than twice normal and no development of an
abnormal Q wave [x0.03 ms]). Patients were treated with a
combination of nitrates, beta-adrenergic blockers, calcium
channel antagonists and heparin . All underwent coronary
angiography . Patients with refractory unstable angina under-
went either emergency coronary angioplasty or coronary
bypass surgery. Elective angioplasty or surgery was per-
formed in stabilized patients if they had persisting exertional
angina detected clinically or with exercise testing .
Patients were selected for surgery if they had multivessel
coronary disease with one or more critical stenoses supply-
ing a large area of viable myocardium in addition to the
ischemia-related vessel or if they had left main stem coro-
nary disease
. Selected for coronary angioplasty were pa-
tients with single or multivessel disease in whom the culprit
lesion was technically suitable for angioplasty (21).
The culprit lesion in patients with multivessel disease teas
identified by the localization of ST-T segment changes
during chest pain. Electrocardiographic changes in leads I
and aVL and V I to V6 were related to lesions of the left
anterior descending coronary artery and to changes in leads
II, III and aVF with either the right or the left circumflex
coronary artery. Furthermore, certain angiographic charac-
teristics (such as severity and morphologic features of the
lesion, presence of an intracoronary thrombus and degree of
anterograde filling) served as an aid in the detection of the
culprit lesion.
Two hundred patients (164 men, 36 women) with a mean
age of 56 years (range 36 to 74) underwent coronary angio-
plasty and comprise the study group . Single vessel coronary
disease was present in 135 patients, and multivessel disease
in 65 . The mean global left ventricular ejection fraction was
0.59 ± 0 .10. The extent of coronary artery disease and the
details of the actual management of these patients are shown
in Table 1 . The characteristics of the undiluted segments of
the 65 patients with multivessel disease and balloon dilation
of only the culprit lesion are shown in Table 2.
Patients were categorized into three groups according to
their history: I) recent onset unstable angina, defined as
chest pain for the first time within 1 month before coronary
angioplasty; 2) worsening angina, defined as chronic stable
angina that had progressed to chest pain at rest, and 3) early
postinfarction unstable angina, defined as occurrence of a
myocardial infarction within I month before coronary angio-
plasty .
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Table 1. Extent of Coronary Artery Disease and the Details of
Management of 442 Patients With Unstable Angina
*
"The total number patients admitted to the coronary care unit heel
January I, 1983 to July I, 1985 was 2,887. CARD = coronary artery bypass
gmfhng: LM = lea main comnary artery ; PICA = petcutaneousrramluntind
mnury angioplasty. 0. I, 2 . lV = no, sot. two, three vessel disease .
respectively.
The documented ECG ST-T segment changes associated
with citest pain at rest were classified, in ranking order of
severity, as follows
: 1) transient ST segment elevation (a0.1
mV) during pain, with return to (nearly) normal or to the ST
level that existed before the onset of chest pain at rest; 2)
transient ST segment depression (>_0.1 mV) during pain,
with return to (nearly) normal or to the level that existed
before the onset of chest pain at rest ; 3) development of
permanent negative T waves (?0.1 mV) during or after
disappearance of chest pain at rest, without documented ST
segment elevation or depression (a0
.1 mV) ; and 4) transient
minimal ST-T changes: ST elevation or depression (1 mV),
minimal T wave inversion (<0 .I mV), pseudonormalization
of a negative T wave and T wave amplitude increase or
decrease during pain .
Coronary angiography. Coronary angiograms were ob-
tained in multiple views, including hemiaxial projections. A
consensus of two angiographers was used to evaluate the
Table 2
. Characteristics of Nondilated Coronary Stenosis in 65
Patients With Multivessel Disease and Angioplasty of the Culprit
Lesion Only
Undiluted Lesions Per Patient
CABS = coronary anery bypass grafting; LAD= lea anleriordescnndng
coronary artery; LCx = left circumflex coronary artery ; RCA - right
coronary artery; other abbreviations as in Table I .
I Lesion 2 Lesions
No. of patients
44 21
Technically suitable for CARD 41 36
Technically suitable foe PTCA 22 Is
Nondilated LAD 6 2
Nondilated RCA or LCx 38 40
5lenosis to metered neyocaniium 15 6
Unstable Angina
No. of
Patients
Extent of Coronary Artery
Disease
OV IV 2V 3V LM
Refractory to pharmacologie
treatment
Emergency PTCA 114 0 78 24 12
	
0
Emergency CAnG 87 0 3 16 45 23
Initially stabilized with
pbarnracoiagic treatment
Elective PICA 86 0 57 19 9 I
Elective CABG 73 0
4
13
49 7
Pharmacologic treatment 82 14 11
24 25 8
Total no. of patients 442 14 153 96 140 39
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coronary angiograms . The degree of coronary obstruction
was assessed with the use of a caliper system and was given
in percent of luminal diameter . The length of the lesion was
measured in relation to the length of the inserted balloon . A
lesion was considered long if it was >I cm
. Lesions were
categorized into concentric lesions (symmetric, hourglass
coronary narrowing) and eccentric lesions (asymmetric nar-
rowing). Collateral vessels were considered present when
they were angiographically visible . For this study, only the
presence of collateral circulation to the ischemia-related
vessel was noted. An intracoronary thrombus was defined as
I) contrast medium staining at the site of an abrupt occlusion
of the vessel, or 2) the presence of an intracoronary filling
defect (22).
Coronary angioplasty . This was performed with a steer-
able dilation system. A 74- pacing electrode catheter was
positioned in the right atrium . At the beginning of the
procedure, heparin (100 mg) and aspirin (250 mg) were
administered intravenously and low molecular weight dex-
tran was infused slowly
. The electrocardiogram and blood
pressure were continuously monitored . To prevent coronary
spasm, intracoronary nifedipine or isosorbide dinitrate was
given (23) . Initial balloon inflation pressure was 2 .0 aim, with
subsequent inflations ranging to 12 atm. Inflation was main-
tained according to the ECG changes, degree of decrease in
blood pressure or induced pain; it never lasted >60 s .
Balloon inflations were repeated until there was a significant
reduction in the transstenotic pressure gradient and a reduc-
tion in the severity of the obstruction as judged from repeat
angiograms obtained immediately after the dilation . Coro-
nary angioplasty was considered to be successful if a reduc-
tion in the severity of the obstruction to <50% luminal
diameter narrowing was obtained or if the transstenotic
gradient index was reduced to <0 .30 (according to the
equation mean proximal pressure minus mean distal pres-
sure divided by mean aortic pressure) . Furthermore, it was
required that acute ischemic symptoms be completely re-
lieved and that no progression to myocardial infarction or
death had occurred (24) . All procedures were carried out
with a cardiac surgical learn on standby .
Coronary intimai dissection was defined according to the
National Heart, Lung, and Blood Institute Percutaneous
Transluminal Coronary Angioplasty Registry (25) by 1) the
presence of angiographically evident intimal damage, pro-
ducing an intraluminal filling defect ; 2) extraluminal extra-
vasation of contrast material ; and 3) linear luminal density or
luminal staining.
The
diagnosis
of a (peri)procedural myocardial infarction
was determined by the development of a new pathologic Q
wave (x0.03 ms) or typical increase in serum cardiac en-
zymes (more than twice normal level)
. After bypass surgery,
a myocardial infarction was determined by development of
new Q waves.
After the procedure, all patients were monitored for 24 h
JACC Vol . 12, No. 2
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in the coronary care unit, where the ECG and cardiac
enzyme levels were monitored
. They were discharged after 2
to 3 days, and treatment with nifedipine (40 to 60 mg daily)
and aspirin (500 mg daily) was maintained for 6 months
.
Follow-up
. Clinical follow-up information was obtained
by personal interview, data received from the referring
physician or questionnaire . Patients were evaluated for the
occurrence of death or myocardial infarction or recurrence
of angina pectoris. The majority of the patients underwent
exercise testing with thallium-201 scintigraphy and repeat
coronary angiography.
Patients performed symptom-limited exercise on a bicy-
cle ergometer with stepwise increments of 10 watts/min . The
three orthogonal XYZ leads of the Frank lead system were
recorded . An ischemic response was defined as a0
.I mV ST
segment depression 0 .08 s after the I point
. The maximal
work load achieved was expressed as a percent of the normal
work load predicted for age, sex and height . Thallium-20I
exertional scintigraphic imaging was performed in the ante-
rior left anterior oblique 45° and 65° views, immediately after
injection of 1.5 mCi of thallium-201 at peak stress, and
postexercise images were obtained 4 h later . images were
obtained using a Searle Phogatnma V camera and processed
with computer interface as described previously (26). A
defect with redistribution was considered to represent exer-
cise-induced ischemia; a persistent defect without redistri-
bution was considered to represent a scar .
Repeat coronary angiogrnnrs
were obtained in multiple
views, including hemiaxial views for the left coronary artery .
Restenosis was defined as an increase in the luminal diame-
ter stenosis of the dilated lesion of >50% .
Data analysts
.
The following four (untoward) outcome
events were defined : 1) major procedure-related complica-
tions (death, myocardial infarction, or urgent bypass sur-
gery); 2) procedure-related death or myocardial infarction ; 3)
late coronary event (recurrence of angina pectoris, myocar-
dial infarction or death within 1 year) ; and 4) restenosis
(a50% narowing of the dilated artery at repeat angiogra-
phy). The "late coronary event" outcome was defined only
for patients with initial successful angioplasty, "Restenosis"
was defined only for patients with initial successful angio-
plasty who subsequently underwent repeat angiography
.
We used a composite logistic prediction function to
determine which pretreatment characteristics were indepen-
dently related to the risk for each of the described untoward
outcome events . Of the clinical characteristics, we consid .
ered gender, age, history of angina, presence of previous
myocardial infarction, and the presence of refractory versus
stabilized symptoms. The ECG data included the presence
of ST segment displacement of
all,I
mV, T wave inversion
of t0.1 mV and minor ST segment displacement or T wave
inversion . The angiographic data included site and severity
of the lesion, length and eccentricity of the lesion, the
presence of multivessel disease, the extensiveness of collat-
rACC Va . 12, No.2
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Table 3. Initial and I Year Results of Coronary Angioplasty for Unstable Angina in Different Subsets of 200 Patients
eral flow, the presence of an intracoronary thrombus and the
global ejection fraction
. Procedural characteristics were also
involved in the construction of the risk model for "late
coronary event" and in that for "restenosis" ; these included
duration of balloon inflation, maximal inflation pressure, the
occurrence of a dissection and the postdilation transstenotic
pressure gradient.
In univariate analysis, the relation between predictors
(for example, gender) and outcome was expressed as a
relative risk (or risk ratio) (that is, as the ratio of the rate of
the respective outcome event observed in patients belonging
to one category relative to that observed in the other
category). For instance, the risk associated with gender is
the rate of the outcome event in men divided by that in
women . Continuous variables were dichotomized . The 95%
confidence limits of the relative risk estimates are also given
(27) . If the 95% confidence interval does not contain the
value 1, the association of the predictor and outcome is
statistically significant at the 0 .05 level .
The objective of multivariate logistics analysis was to find
the combination of characteristics that predicted (an unfa-
vorable) outcome as accurately as possible . As a general
principle, indicator variables were used . These are variables
that assume the value of I if the property considered is
present and 0 if absent. The BMDP package was used, which
selects stepwise predictor variables based on the maximal
likelihood ratio . This provides a measure of significance and
has an asymptotic chi-square distribution . Thus, variables
were included into the model if they led to a substantial
DE FEWER ET AL.
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AP = angina
pectoris;
CAD = coronary artery disease ; MI = myocardial infarction ; Neg w mgative . Other abbreviations as before.
improvement of the log-likelihood (p < 0.10) or if their
removal led to a substantially significant decrease (p < 0 .15) .
Forward selection and backward elimination of the variables
into the model yielded the same models .
The regression coefficients have a direct epidemiologic
implication
. Each coefficient represents the log odds of
unfavorable outcome controlling for the other variables in
the model . Its antilogarithm is the relative risk for the
property considered. As an example, if the regression coef-
ficient for ST elevation is I, its antilogarithm (e) is 2.7. This
means that the risk of unfavorable outcome within I year for
patients with ST elevation is 2.7 times as high as that for
patients who had no ST elevation . In fact, the coefficients
concern relative odds, which are a good approximation for
the relative risk because the frequency of unfavorable out-
come is relatively low .
Results
Initial success rate and major procedure-related complica.
lions . The overall initial success rate was 89 .5% (179 of 200
patients)
. A major complication (death, myocardial infarc-
tion or urgent surgery) occurred in 10 .5% (21 of 200
patients) . The initial success rate and major complication
rate for the relevant clinical subsets are listed in Table 3 . The
results of univariate analysis are presented in Table 4 . The
majority of the anaiyzed variables were insignificant. The
significant risk factors using multivariate analysis of varia-
bles predictive for an increased risk of a major complication
Cumulative Incidence of Corse,ary Events After Saaeenful
Angioplasty
Wt., Complication Success Rate
Death MI AP
No. of
Patients Total Death Ml
Acute
Surgery % to)
At 6
Months
Al 1
Year
At 6
Months
Ar
1
Year
At 6
Months
At 1
Year
All patients 200
21 I 16 It
90
(179) 2 2 3 5 37 47
AP status
Refractory 114 11 1 8 9 90 (103) 1 1 2 4 20
24
Stabilized 86 10 0 8 9 88 (76) 1 1 1 1 17 23
Recent onset AP 85 10 0 7 9 88 (75) 0 0 0 0 to 16
Changing AP pattern 81 9 I 7 7 89 (12) 2 2 2 4 17 20
Past MI AP 34 2
0 2 2 94
(321 0 0 1 1 10 11
ECO findings
ST elevation 58 8 0 7 6 86 (50) 0 0 1 1 9 9
ST depression 33 2 1 I I 94 (31) 0 0 1 2 7 8
Neg T wave 55 8 0
6
8
85
(47) 0 0 1 1 11 14
Minor ST-T 54 3 0
2
3 94 (50 2 2 0
1
10
16
CAD
Single vessel 135 15 0 12 89
(120)
0
0
2
3
17
24
MutOvesset 65 6 1 5 6 91 (59) 2 2 1 2 20 23
LAD or LM 135 12 0 9 10 91 (123) 2 2 1 2 27 34
RCA or LCx 65 9 I 7 8 86
156)
0 0 2 3 10
13
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Table 4
. Univariate Analysis of Variables to Predict Immediate and Late Unfavorable Outcome
After Coronary Angioplasty
and procedure-related myocardial infarction are shown in
Table 5 .
Clinical follow-up and angiographic stenosls
. The data
from clinical follow-up after successful and unsuccessful
coronary angioplasty are shown in Table 6 . The majority of
coronary events occurred within 6 months after the proce-
dure. The total need for bypass surgery (acute and elective)
was 14% at I year and 15% at 2 years (Table 7) . The total
incidence of myocardial infarction (either procedure-related
or late, or both) was 11% at I year and 12% at 2 years. The
total incidence of death was 2% at I year and
3% at 2 years .
At I year follow-up, 85% of all the patients were in New
York Heart Association functional class 1,11% were in class
2 and 2% were in class 3 (Table 7) .
Exercise testing and thallium-201 scintigraphy were per-
forrned after successful angioplasty in
157 and 146 patients,
respectively, 1 .7 ± 3 .8 months after the procedure (Fig . 1).
Twenty-two patients did not perform an exercise test be-
cause of a physical handicap in 5, death in 2, refusal in I and
an unknown cause in 14. The majority of the patients
achieved a work load of >80% of the predicted value and
experienced no angina during the test . A reversible thallium-
201 perfusion defect could be induced in 29% of the patients .
A repeat coronary angiogram was performed in 158
patients 5 .1 ± 4.8 months after successful rngioplasty .
Reeatheterization was not performed in 21 patients because
of death in 2, late myocardial infarction in 1
. relative
contraindication in 3 and refusal in 15. Of the latter group, 4
patients had recurrent angina . Angiographic restenosis was
present in 32% (51 of 158 patients) . Nine patients (18%) with
restenasis did not experience angina . The results of univa-
'Duty the significant variables are tebalmed . Abbreviations as in Tables I and 2.
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riate analysis are presented in Table 4
. The majority of the
analyzed variables were insignificant .
The significant risk factors using
multivariate analysis of
variables predictive for late coronary events or angiographic
restenosis after a successful procedure are shown in Table S .
Multivessel disease was shown to be a rather strong predic-
tor for late coronary events. This was mainly a result of the
persistence of undiluted lesions
.
Dilation of only the culprit lesion in multivessel disease .
The initial success rate and major complication rate were
comparable in patients with single vessel disease and dilation
of that particular lesion (89 and 11%, respectively) and
patients with multivessel disease and dilation of the culprit
lesion only (91 and 9%, respectively). The angiographic
restenosis rate was comparable in patients with culprit lesion
dilation and multivessel disease with that in patients with
single vessel disease (18 [35%] of
51 versus 33 131%]
of 107).
Persistent or recurrent angina was significantly more
frequent in patients with incomplete revascularization than
in those with complete revascularization at 6 months and I
year (17 [13%] of 135 versus 20131%] of 65 at 6 months and
24 [18%) of 135 versus 23135
:0] of 65 at I year) (Tables 3 and
6). In patients with dilation of the culprit lesion only and
multivessel disease, the maximal work capacity achieved
during stress testing was less, while the occurrence of
exercise-induced ischemic ST segment depression and re-
versible perfusion defect was more frequent than in patients
with single vessel disease and dilation of that particular
lesion (Fig. 2) .
Unfavorable Outcome Variable' n
Risk
Ratio
95%
Confidence
Interval
Procedural major complication (death,
MI, acute surgery)
Procedural death or MI
Stenosis 659?
None
Ila 2.5 1 .0106 .7
Coronary events at 1 year (death
.
MI,
necurrentangina)
Worsening angina
73 14 0 .9102.2
Previous MI 67 1.5
1 .01o 2.4
ST elevation 53 0.6
0 .3 to IA
ST
depression
30 1.4 0 .8 1. 2.2
Stenosis 1655, 93 1.4 0 .91o 2
.3
Total occlusion 16 1 .9 1 .010 3.0
MultivesselCAD 58 2 .3 1 .5103.7
Collateral vessels 30 1 .5 0.91o 2.5
Angiogmphicrestenosis ST depression 28 1 .5 0.91.2 .3
Total occlusion 14 1 .7 0.9102
.7
MultivesselCAD 51 1 .6 1.0102
.5
Collateral vessels 29 1 .6
1.01o 2 .4
Dissection
40 1 .4 0.9102 .1
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Table 5. Risk Factors
to
Predict Procedure-Related Major
Complications, Restenosis and Coronary Events at I Year
After Angioplasty
Risk Factor
	
Coefficient SE OR 95% Cl
A . Procedure-Related Major Complication (death . MI and urgent surgery)
ST elevation 1 .3 0 .63 3 .7 1.1 to 12 .6
Persistent neg T wave 1 .3 0.63 3 .7 1 .0 to 13 .1
% Stenosis ?65%s 12 0.54 3 .3 0.93 to 6.9
Constant
-3.7
0.67 - -
B. Procedure-Related Death or Myocardial Infarction
ST elevation 1 .2 0.71 3.3 0.84 to 13.4
Persistent ncg T wave 1 .2 0 .73 3.3 0.84 to 13.4
Constant -3 .3 0 .59 - -
C. Angiogmphic Restenosis
Collateral vessels 0 .77 0 .44 2.2 0.92 to 5.1
ST depression 0.68 0 .45 2 .0 O.82to4.8
Multivessel disease 0.66 0.37 1 .9 0 .94 to 4 .0
LAD stenosis 0.64 0.41 1 .9 0.86 to 4 .2
Worsening AP or post-MI AP +0.62 0.38 1 .6 1.3(.5 .7
Constant -2.0 0.49 - -
D. Coronary Events at I Year (recurrent AP. MI and late death)
Multivessel disease 1 .3 0.36 3.7 1
.8 to 7
.5
Total oaalasion 1 .0 0 .56 2.8 0.94 to 8.4
ST elevation -0 .82 0 .42 0.44
0.2 to
I .0
Constant -1 .3 0.26 - -
Abbreviations as in Tables I to 4.
Discussion
Immediate results of coronary angioplasty for unstable
angina. Patients described as having unstable angina as
originally defined by Conti et al. (1) can be divided into three
Table 6 . Clincial Follow-Up After Attempted Coronary
Angioplasty in
200 Patients
With
Unstable
Angina
Follow-Up <(iMonths 6 to 12 Months L to 24 Months
Successful PTCA In = 1791
Late death 0
New myocardial 3 2 2
infarction
Recurrent angina 37)20) 1013) 3)1)
Repeat PTCA 18(11) (3') 3 2(1) (1'1
Bypass surgery 8(5) 3 (1) 10-1
Pharmacologic therapy 11(4) 7121 0
Unsuccessful PICA In = 21)
Late dents 0 1 0
New myocardial 0 I 0
infarction
Recurrent angina 2 0 0
pectoris
-New stenosis atnondilatedsite
:( )mpatentswithmultivesseldisease :
other abbreviations as before .
DE FEYTER ET AL . 329
CORONARY ANGIOPLASTY FUR UNSTABLE ANGINA
Table 7
. Cumulative Incidence of Major Coronary Events
(death, myocardial infarction).Bypass Surgery, Repeat
Angioplasty and Functional Class at Initial Attempt and at 6, 12,
and 24 Months Follow-Up
so
00
40
20
0
'New York Hewn Assocution . Abbreviations as before.
subgroups: 1) recent onset angina; 2) progressive effort
angina with a deteriorating clinical pattern superimposed on
chronic stable angina
; and 3) episodes of prolonged isebemic
pain at rest. Patients belonging to subgroups I and 2 have a
reasonably good prognosis, with most patients having a
satisfactorily initial response to medical therapy (8-10) .
These patients can usually be evaluated for myocardial
revascularization on an elective basis. In this study, we
reserved the term "unstable angina" for patients in sub-
group 3 (that is, patients with prolonged episodes of chest
pain at rest) . The prognosis for this subgroup is worse,
especially if ischemic symptoms persist (4-7) . We believe
that immediate control
of
ischemia with stepwise intensifi-
cation of pharmacologic treatment is the cornerstone in
managing these patients . If, despite this tailored pharmaco-
logic approach, patients continue to have attacks of ische-
mia, prolongation of what must be regarded as ineffective
treatment should he avoided and an attempt at myocardial
revascularization, either acute coronary bypass surgery or
Figure 1 . Exercise thallium-201 scintigraphy after successful coro-
nary angioplasty in patients with unstable angina . Work Toad
achieved : ?80 or a90% predicted for age, gender and height . AP+
= exercise-induced angina pectoris ; ST I = exercise-induced ische-
mic ST segment depression; TL201+ = reversible thallium perfu-
sion defect.
x
100
sex
'SB
26%
wsrhbN aantaava AP STt TLl01
Bins BS0% III- •
Initial Attempt 6 Months 12 Months 24 Months
No . 200 199 197 1%
Death 1 3 4 6
Mt 16 19 22 24
CABS 18 26
29
30
Repeat PICA 18 21 23
Functional
class-
1
0 178 170 168
II 0 17 22 22
III
86
2 4 4
IV 114 0
0
0
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Rlgore 2 . Comparison of exercise thallium-201 scintigraphy after
angioplasty of the culprit lesion in 51 patients with multivessel
disease and 101 patients with single vessel disease . Abbreviations as
in Figure I
.
acute angioplasty, should be instituted without delay in an
attempt to prevent progression to myocardial infarction and
to improve prognosis .
In our study, the initial success rate of coronary angio-
plasty was 90% and the major complication rate was 10%
.
This is comparable with the recently reported (14-20) initial
success rates of 7010 93% and major complication rates of 3
to 12%. The procedure-related death rate was low (0 .5%)
and compared favorably with reported (14-20) death rates of
0 t0 5.4%. The procedure-related myocardial infarction rate
was 8% and the need for acute surgery was 9%, which are
within the range of 4 to 12% and 1 .5 to 12%, respectively,
reported by others (14-21) . Our results and those reported
(14-21) reveal a high level of major complications of coro-
nary angioplasty in patients with unstable angina . This major
complication rate is definitely higher than the rate of 3 to 4%
reported (28,29) for coronary angioplasty in patients with
stable angina . The reasons for this high complication rate
may be related to the clinical instability of these patients
and, more specifically, to the higher frequency of compli.
cated lesions (severe eccentric lesions) due to different
underlying pathologic features and an increased risk of
abrupt closure due to the formation of an acute occlusive
thrombus (30). A thrombus may form more readily because
unstable angina is related to plaque fissuring with denudation
of the intima, adhesion and aggregation of platelets and
partial (non)occlusive thrombus formation (31-34) .1n such a
milieu, intracoronary instrumentation or balloon trauma may
easily lead to a total occlusive thrombus .
Late results of coronary angioplasty for unstable angina .
After initial successful angioplasty, the prognosis is excel-
lent, with a low number of deaths (1% at I year and 2% at 2
years) and a low occurrence of late myocardial infarction
(3% at I year and 4% at 2 years)
. This is in keeping with the
findings in other reports (14-20). The results of ECG exer-
cise testing and thallium-201 scintigraphy performed approx-
imately 2 months after an initial successful angioplasty
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indicated good functional recovery and, in the majority of
patients, an absence of evidence of ischemia
. Angaographic
restenosis occurred in 32% of the patients within f months of
the procedure. Angiogmphy was repeated in j18% of all
patients with successful coronary angioplasty,i ;o that this
study fairly accurately reflects the actual restery6sis rate and
is only minimally biased by the refusal of ::symptomatic
patients to undergo a second angiogram. This rate does not
appear to be higher than the restenosis rate of 25 to 30% for
stable angina (35,36), although it has been suggested
(12,35,36) that the restenosis rate in unstable angina is
somewhat higher, At I year follow-up study, the recurrence
rate of angina after an initial successful angioplasty was 26%,
the majority occurring within 6 months after the procedure .
Thus, at I year follow-up study of all 200 patients who
had an attempted coronary angioplasty, 4 patients (2%) died
(I procedure-related and 3 late deaths) ; 22 patients (11%)
sustained a nonfatal myocardial infarction (16 procedure-
related and 6 late) ; 26 patients (13%), although they had
experienced some improvement, were still symptomatic
(functional classes 11 and 111) and 170 patients (85%) were
symptom-free. However, to achieve this result, coronary
bypass surgery was necessary in 29 patients (15%) (18 acute
surgery and I I late, elective surgery) and 21 patients (11%)
underwent repeat coronary angioplasty .
Predictorss of early and late unfavorable outcome . In an
attempt, to improve patient selection for coronary angio-
plasty and identify high risk patients, univariate and multi .
variate analysis was performed on potential clinical and
angiographic predictors of a major complication . It has been
suggested that unstable angina itself is a risk factor for early
(37) and (12,35,36) late unfavorable outcome . In patients
undergoing elective angioplasty, major complications were
shown to be associated with I) patient-related variables
(female gender [38-411, patients >60 years old [40], multi-
vessel disease [381, angina duration >6 months [401
; prior
coronary bypass surgery (40]) ; and 2) lesion-related varia-
bles (eccegtricity [38-40,42), calcium in lesion [38-401, le-
sion length (38-40,421, "complicated" lesion [43], intracoro-
nary thrombus [44j and vein graft lesion
[40]).
In our study,
which differs from the studies just cited in that only patients
with unstable angina were analyzed, we found that the ECG
changes during an ischemic attack (ST segment elevation or
persistent negative T waves) and the severity of the stenosis
were associated with an increased risk of a major procedure-
related complication . Transient ST segment elevation is
thought to reflect transmural ischemia and is associated with
more severe ischemia than is ST segment depression that
represents subendocardial ischemia (45). The development
of new T wave inversion that persists may be related to
minimal cell necrosis not detected by current enzyme mea-
surement techniques and represents severe coronary artery
stenosis (46). Patients with this finding are known to have a
poor overall prognosis (46,4 :'). We could not establish a
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relation between the presence of intracoronary thrombus
detected angiographically and an increased risk of major
complications as have others (44) . However, this is not
surprising because angiography is a very insensitive method
for detecting intracoronary thrombus . Careful postmortem
sectioning (30-32) and angioscopic examination (34) of the
coronary arteries have shown that plaque rupture and throm-
bus formation almost invariably occur in patients with un-
stable angina and have established the role of thrombus in
the pathogenesis of this condition .
Angiographic restenosis
after
angioplasty has been
shown to be associated with 1) patient-related variables
(mate gender (351, diabetes [4g-50], duration of angina <2
months [35,36,49,501, variant angina [511, multivessel dis-
ease [521, smoking 149,501 and hypercholesterolcmia
[49,501) ; 2) lesion-related variables (total or >90% occlusion
[35,36,50,52,531, left anterior descending coronary lesion
[36,52] and vein graft stenosis 135,54,55]) ; and 3) procedure-
related variables: no dissection [361, >30% residual stenosis
[361 and >15 mm Hg residual pressure gradient [35,361)
.
In our
study, we found more frequent angiegraphic
restenosis in patients with angiographically visible collateral
vessels to the dilated vessel, multivessel disease, left ante-
rior descending coronary stenosis and transient ST segment
depression during an ischemic attack . Coronary events at I
year, including recurrent angina pectoris (late myocardial
infarction or late death), were associated with multivessel
disease and total occlusion . Multivessel disease was a risk
factor because of the persistence of undilated coronary
artery lesions .
Dilation of only the culprit lesion in multivessel disease .
The foremost consideration in the immediate treatment of
unstable angina must be the preservation of myocardial
function . Coronary angioplasty of only the "culprit lesion"
in patients with refractory unstable angina and multivessel
disease has been shown (21,56) to be an effective therapeutic
alternative to coronary bypass surgery . Improvement in
myocardial function has been demonstrated (57) using this
strategy. This approach was used because multiple dilations
in these clinically unstable patients may increase the risk of
major complications and there is a risk of performing unnec-
essary dilations because of the difficulty in assessing the
significance of any additional stenosis in the acute setting .
The initial success rate and major complication rate of
coronary angioplasty in patients with single vessel disease
and dilation of that particular vessel were comparable with
those of patients with multivessel disease and dilation of
only the culprit lesion . The angiographic restenosis rate was
higher, although not statistically significant, in patients with
multivessel disease compared with those with single vessel
disease . However, recurrent or persistent angina pectoris at
6 month follow-up was significantly higher in patients with
multivessel disease (31%) than in patients with single vessel
disease (13%) . Incomplete dilation was also associated with
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increased occurrence of stress-induced angina pectoris, sig-
nificant ST segment depression, reversible perfusion defect
and reduced exercise tolerance .
We believe that angioplasty of the culprit lesion in pa-
tients with unstable angina and multivessel disease should be
regarded as an initial treatment strategy in those whose
symptoms do not respond adequately to pharmacologic
treatment. In most patients, this approach will have a
long-term success, but in some, further balloon dilation or
bypass surgery will be required, so that this strategy does
not provide a definitive long-term treatment in all patients .
However, the subsequent interventions can be performed on
a more elective basis with less risk. This strategy warrants
further evaluation in a randomized controlled study .
Conclusions. The initial success rate for coronary angio-
plasty in patients with unstable angina is 90%, The hazards
of dilation in patients with unstable angina are high and
clearly exceed the hazards of dilation in those with stable
angina. The total major complication rate in patients with
unstable angina is about twice that in patients with stable
angina. No strong single predictor or set of predictors of
unfavorable outcome has been identified, but the procedure
appears to be more hazardous in patients who have chest
pain at rest associated with transient ST segment elevation
or who develop persistent negative T waves .
After an initially successful procedure, the prognosis is
excellent, with a low rate of late death and myocardial
infarction . The rate of angiographic restenosis or angina at 6
months is approximately 30% and, therefore, appears com-
parable with that obtained in patients with stable angina.
However, these results apply to selected patients with
predominantly single vessel disease and well preserved left
ventricular function.
At present, it seems reasonable to consider such patients
for coronary angioplasty, although the risks of the procedure
in this acute setting are relatively high . However, the alter-
native, coronary bypass surgery, is also associated with a
rather high complication rate in these patients (58.62)
.
Currently, there are no randomized trials comparing the
results of coronary angioplasty and surgery in patients with
unstable angina . There is a compelling need for randomized
trials to compare the results ofboth strategies and to provide
definitive answers on the relative merits of both types of
treatment .
We are indebted to ARja van
Huuksbol and aaudia Sprenger de Rover for
expert prepamttne of the nunusctipt.
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